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IDQ7KHH[SHULPHQWDOVHFWLRQLVORFDWHGLQDODUJHHQFORVXUHZKLFKKRXVHVWKHH[SHULPHQWDOHTXLSPHQWWKH0$9
DQGWKHLQVWUXPHQWDWLRQVXFKDVDIRUFHEDODQFHDQGDSDUWLFOHLPDJHYHORFLPHWU\3,9V\VWHP
7KH FRQWUDFWLRQ LV D FULWLFDO FRPSRQHQW RI WKH ZLQG WXQQHO IRU WKH SURYLVLRQ RI KLJK TXDOLW\ WHVW IORZ LQ WKH
ZRUNLQJVHFWLRQ>@7KHVKDSHRI WKHFRQWUDFWLRQFRQWUROV WKHTXDOLW\ VXFKDV IORZDQJXODULW\DQGXQLIRUPLW\DV
ZHOODVWXUEXOHQFHLQWHQVLW\RIWKHIORZDWWKHRXWOHW$VWKHHIIHFWVRIWKHVKDSHRQWKHIORZDUHTXLWHFRPSOLFDWHGLW
LV QHFHVVDU\ WR XVH FRPSXWDWLRQDO IOXLG G\QDPLFV &)' WR PDNH WKH GHVLJQ GHFLVLRQV VXFK DV WKH OHQJWK
FRQWUDFWLRQ UDWLR DQG WKH ZDOO VKDSH 7KH SURFHVV FDQ EH DXWRPDWHG XVLQJ D QXPHULFDO RSWLPL]DWLRQ SURFHGXUH
([DPSOHRIVXFKZRUNFDQEHIRXQGLQZRUNE\:DWPXII>@6X>@'RRODQDQG0RUJDQV>@DQG0DWKHZHWDO
>@ 'XH WR WKH FRPSXWDWLRQDO H[SHQVH RI WKUHHGLPHQVLRQDO KLJKILGHOLW\ &)' VLPXODWLRQV DQG WKH IDFW WKDW
QXPHULFDORSWLPL]DWLRQUHTXLUHVD ODUJHQXPEHURI IXQFWLRQFDOOVDOORIDIRUHPHQWLRQHGZRUNXVH WUDGLWLRQDO IOXLG






ILGHOLW\ VLPXODWLRQV DUH HVVHQWLDO $V GHPRQVWUDWHG LQ 6HFWLRQ  WKH FRQWUDFWLRQ GHVLJQ REWDLQHG EDVHG RQ ORZ
ILGHOLW\&)'DQDO\VHVGRHVQRWHQVXUHWKHKLJKTXDOLW\IORZ
7KHXVHRIKLJKILGHOLW\&)'VLPXODWLRQVFRPHVDWDKLJKFRPSXWDWLRQDOFRVWZKLFKEHFRPHVSURKLELWLYHZKHQ
XVLQJ WUDGLWLRQDO JUDGLHQWEDVHG RU SRSXODWLRQEDVHG RSWLPL]DWLRQ VFKHPHV 6XUURJDWHEDVHG RSWLPL]DWLRQ 6%2









RI WKH IORZTXDOLW\ LQ WKH H[SHULPHQWDO VHFWLRQ KDYH EHHQ SHUIRUPHG WR YDOLGDWH WKH ILQDOZLQG WXQQHO GHVLJQ ,Q
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3UREOHP)RUPXODWLRQ
$VNHWFKRIDW\SLFDOVTXDUHWKUHHGLPHQVLRQDOFRQWUDFWLRQVKDSHLVVKRZQLQ)LJVDDQGE$WWKHRXWOHWWKH
IORZKDV WREHXQLIRUPDQG WKHERXQGDU\OD\HUQHHGV WREH WKLQ WRPD[LPL]H WKHXVDEOHFURVVVHFWLRQDODUHD7KH
RYHUDOOJRDOLVWKXVWRPD[LPL]HWKHIORZXQLIRUPLW\DWWKHRXWOHWLQWHUPVRIVSHHGDQGDQJXODULW\0RUHVSHFLILFDOO\
ZH ZDQW WR PLQLPL]H WKH YDULDWLRQ RI WKH VSHHG Y DQG DQJXODULW\ Į DW WKH KRUL]RQWDO DQG GLDJRQDO FRQWURO
GLUHFWLRQVLQWKHRXWOHWSODQH)LJF7KHYHUWLFDOFRQWUROGLUHFWLRQLVQRWQHHGHGGXHWRV\PPHWU\
7KHYDULDEOHVFRQWUROOLQJ WKHFRQWUDFWLRQVKDSHDUH WKH LQOHWVL]H WKHFRQWUDFWLRQDUHDUDWLR WKH OHQJWKDQG WKH
ZDOO VKDSH 7R VLPSOLI\ RXU SUREOHP ZH ZLOO IL[ WKH LQOHW VL]H WKH FRQWUDFWLRQ DUHD UDWLR DQG OHQJWK 7KLV LV


































































7KH IORZ LV DVVXPHG WR EH VWHDG\ LQFRPSUHVVLEOH DQG YLVFRXV 7KH VWHDG\ 5H\QROGVDYHUDJHG 1DYLHU6WRNHV
5$16HTXDWLRQVDUH WDNHQ WREH WKHJRYHUQLQJ IORZHTXDWLRQV IRU WKHKLJKILGHOLW\&)'PRGHOZLWK WKHNZ 667









GHQVLW\EDVHG IRUPXODWLRQ DQG WKH IOX[HV DUH FDOFXODWHGE\ DQXSZLQGELDVHG VHFRQGRUGHU VSDWLDOO\ DFFXUDWH5RH
IOX[VFKHPH$V\PSWRWLFFRQYHUJHQFHWRDVWHDG\VWDWHVROXWLRQLVREWDLQHGIRUHDFKFDVH7KHLWHUDWLYHFRQYHUJHQFH













,Q WKLVVHFWLRQZHGHVFULEHRXUDSSURDFK WRRSWLPL]LQJ WKHFRQWUDFWLRQVKDSH$VH[SODLQHG LQ6HFWLRQ WKH
JRDOLVWRREWDLQDVXQLIRUPYHORFLW\ILHOGYDVSRVVLEOHZKHUHYLVDIXQFWLRQRIIRXUVKDSHSDUDPHWHUV[ >[[]
[@7 ,Q WKH IROORZLQJ ZH GHVFULEH WKH IRUPXODWLRQ RI WKH REMHFWLYH IXQFWLRQ WKH VXUURJDWHEDVHG RSWLPL]DWLRQ
DSSURDFK WKDW LV DGRSWHGKHUH WRGHVLJQ WKH FRQWUDFWLRQ VKDSH DVZHOO DV WKH FRQVWUXFWLRQRI WKH VXUURJDWHPRGHO
ZKLFKLVEDVHGRQWKHORZILGHOLW\&)'VLPXODWLRQV
:HDUHLQWHUHVWHG LQPLQLPL]LQJWKHYDULDWLRQRIWKHYHORFLW\PDJQLWXGH LH WKHVSHHGDVZHOODV WKHYHORFLW\
DQJOHIRUWKHWZRFRQWUROGLUHFWLRQVKRUL]RQWDODQGGLDJRQDOGHQRWHGDVYKI[WDKI[WYGI[WDGI[WZLWKW
FRUUHVSRQGVWRWKHFRQWUDFWLRQFHQWHUFRUUHVSRQGVWRWKHZDOO7KHVXEVFULSW³I´LQGLFDWHVWKDWWKHPRGHOV
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RQO\ HYDOXDWHG RQFH SHU LWHUDWLRQ DW HYHU\ QHZ GHVLJQ [L IRU YHULILFDWLRQ SXUSRVHV DQG WR REWDLQ WKH GDWD
QHFHVVDU\WRXSGDWHWKHVXUURJDWHPRGHO%HFDXVHRIWKHORZFRPSXWDWLRQDOFRVWRIWKHVXUURJDWHPRGHOWKHFRVWRI
HDFKLWHUDWLRQRIWKHDOJRULWKPLVVXEVWDQWLDOO\ORZHUWKDQWKHFRVWRIVROYLQJWKHRULJLQDOSUREOHPZLWKWKHKLJK
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7KH VXUURJDWH IXQFWLRQV FDQ EH FRQVWUXFWHG HLWKHU IURP VDPSOHG KLJKILGHOLW\PRGHO GDWDXVLQJ DQ DSSURSULDWH
DSSUR[LPDWLRQWHFKQLTXH>@RUE\XWLOL]LQJDSK\VLFDOO\EDVHGORZILGHOLW\PRGHO>@+HUHZHH[SORLWWKHODWWHU
DSSURDFK DVZHKDYH D UHOLDEOH ORZILGHOLW\PRGHO DW RXU GLVSRVDO VHH6HFWLRQ$OVR JRRGSK\VLFDOO\EDVHG
VXUURJDWHVFDQEHFRQVWUXFWHGXVLQJDIUDFWLRQRIKLJKILGHOLW\PRGHOGDWDQHFHVVDU\WREXLOGDFFXUDWHDSSUR[LPDWLRQ
PRGHOV>@
7KHUH DUH VHYHUDO PHWKRGV RI FRQVWUXFWLQJ WKH VXUURJDWH IURP D SK\VLFDOO\EDVHG ORZILGHOLW\ PRGHO 7KH\
LQFOXGHDPRQJRWKHUV VSDFHPDSSLQJ 60 >@YDULRXV UHVSRQVHFRUUHFWLRQ WHFKQLTXHV >@PDQLIROGPDSSLQJ
>@ DQG VKDSHSUHVHUYLQJ UHVSRQVH SUHGLFWLRQ >@ +HUH WKH VXUURJDWH PRGHO LV FUHDWHG XVLQJ D VLPSOH
PXOWLSOLFDWLYH UHVSRQVH FRUUHFWLRQ ZKLFK WXUQV RXW WR EH VXIILFLHQW IRU RXU SXUSRVHV $Q DGYDQWDJH RI VXFK DQ
DSSURDFK LV WKDW WKH VXUURJDWH LV FRQVWUXFWHG XVLQJ D VLQJOH KLJKILGHOLW\PRGHO HYDOXDWLRQ DQG LW LV YHU\ HDV\ WR
LPSOHPHQW
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IXQFWLRQV YGVL[W DKVL[W DQG DGVL[W 1RWH WKDW WKH IRUPXODWLRQ  HQVXUHV ]HURRUGHU FRQVLVWHQF\ >@
EHWZHHQ WKH VXUURJDWH DQG WKH KLJKILGHOLW\ PRGHO LH YKVL[LW   YKI[LW :KLOH²LQ SULQFLSOH²WKLV LV QRW
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5HVXOWV
7KHZLQGWXQQHOFRQWUDFWLRQVKDSHKDVEHHQRSWLPL]HGXVLQJWKHPHWKRGRORJ\GHVFULEHGLQ6HFWLRQ7KHFRQWUDFWLRQ
OHQJWKZDV VHW WR P WKH LQOHWZLGWKZDV VHW WR PZKHUHDV WKH FRQWUDFWLRQ DUHD UDWLR LV  )RU FRPSDULVRQ DQG
YHULILFDWLRQ ZH FDUULHG RXW IRXU RSWLPL]DWLRQ UXQV XVLQJ  GLUHFW RSWLPL]DWLRQ RI WKH ORZILGHOLW\ PRGHO  GLUHFW






SURFHVV LV QRW D JRRGRSWLRQ'LUHFWRSWLPL]DWLRQRI WKHKLJKILGHOLW\PRGHO VXEVWDQWLDOO\ UHGXFHV'D IURP WR
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LW²EYKF[WYKVL[WDQG
YKI[W²FYGF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LW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W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E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([SHULPHQWDO9DOLGDWLRQ
,Q WKLV VHFWLRQZHGHVFULEH WKHPHDVXUHPHQWVFRQGXFWHG LQ WKHZLQG WXQQHODIWHU IDEULFDWLRQ ,QSDUWLFXODUZH
SUHVHQWPHDVXUHPHQWVRIWKHIORZVSHHGXQLIRUPLW\DQGIOXFWXDWLQJOHYHOVLQWKHH[SHULPHQWDOWHVWVHFWLRQ
:LQG7XQQHO'HVFULSWLRQ
7KH ORZVSHHG ZLQG WXQQHO LV RI RSHQ VXFWLRQ W\SH DQG LV FRPSRVHG RI D VTXDUH LQOHW ZLWK WXUEXOHQFH VFUHHQV
VHWWOLQJFKDPEHUFRQWUDFWLRQWHVWVHFWLRQKRXVLQJGLIIXVHUDQGDQD[LDOIDQ)LJD7KHLQOHWKDVDFURVVVHFWLRQDO
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WKH ORZILGHOLW\ PRGHO ± ± ± WKH VKDSH UHVXOWLQJ IURP WKH GLUHFW RSWLPL]DWLRQ RI WKH KLJKILGHOLW\ PRGHO ± ±  WKH VKDSH REWDLQHG E\
VXUURJDWHEDVHGRSWLPL]DWLRQZLWKLQWUXVWUHJLRQIUDPHZRUNWKHVKDSHREWDLQHGE\VXUURJDWHEDVHGRSWLPL]DWLRQQRWUXVWUHJLRQ

























$ VLQJOHFRPSRQHQW FRQVWDQWWHPSHUDWXUH KRWZLUH DQHPRPHWHU V\VWHP ZDV XVHG WR LQYHVWLJDWH WKH IORZ
XQLIRUPLW\ DV ZHOO DV WKH IORZ VSHHG IOXFWXDWLQJ OHYHOV LQ WKH WHVW VHFWLRQ7KH VHQVLQJ HOHPHQW RI WKH KRWZLUH
SUREHZDVPDGH IURP WXQJVWHQ DQG KDG D GLDPHWHU RI PLFURQV DQG OHQJWK RI QRPLQDOO\ PP 7KH VHQVLQJ
HOHPHQW ZDV FRQQHFWHG WR WKH 0LQL&7$ EULGJH 7KH RXWSXW RI WKH EULGJH ZDV WKHQ GLJLWL]HG ZLWK D 1DWLRQDO








LQ )LJ E %\ WUDYHUVLQJ WKH SUREH PHDVXUHPHQWV ZHUH WDNHQ LQ RQH FURVVVHFWLRQDO SODQH ORFDWHG  FP IURP WKH














WKH UHJLRQ RI LQWHUHVW $ GHVLUHG OHYHO RI WXUEXOHQFH LQWHQVLW\ LV OHVV WKDQ  LQ WKH ZKROH FURVVVHFWLRQ 7KH
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D0HDQIORZVSHHGFRQWRXUVDW9f PV E7XUEXOHQFHLQWHQVLW\FRQWRXUVDW9f PV
F0HDQIORZVSHHGFRQWRXUVDW9f PV G7XUEXOHQFHLQWHQVLW\FRQWRXUVDW9f PV
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&RQFOXVLRQV
:HSUHVHQW DQ HIILFLHQW GHVLJQRSWLPL]DWLRQRI WKHZLQG WXQQHO FRQWUDFWLRQ VKDSH7KH VKDSH LV SDUDPHWHUL]HG
XVLQJ%p]LHUFXUYHVZLWKILYHFRQWUROSRLQWV7KHRSWLPL]HGGHVLJQLVREWDLQHGXVLQJVXUURJDWHEDVHGRSWLPL]DWLRQ
ZLWKWKHUHVSRQVHFRUUHFWHGORZILGHOLW\&)'PRGHOH[SORLWHGDVDIDVWVXUURJDWHPRGHOWKDWDOORZVXVWRSUHGLFWWKH








 'RRODQ &- DQG 0RUJDQV 5& ³1XPHULFDO (YDOXDWLRQ DQG 2SWLPL]DWLRQ RI /RZ 6SHHG :LQG 7XQQHO &RQWUDFWLRQV´ WK $,$$
&RPSXWDWLRQDO)OXLG'\QDPLFV&RQIHUHQFH0LDPL)ORULGD-XQH
 0DWKHZ - %DKU & &DUUROO % 6KHSODN0 DQG&DWWDIHVWD / ³'HVLJQ )DEULFDWLRQ DQG&KDUDFWHUL]DWLRQ RI DQ $QHFKRLF:LQG
7XQQHO)DFLOLW\´WK$,$$&($6$HURDFRXVWLFV&RQIHUHQFH0RQWHUH\&DOLIRUQLD0D\
 /HSLQH - *XLEDXOW ) 7UHSDQLHU -< DQG 3HSLQ ) ³2SWLPL]HG 1RQXQLIRUP 5DWLRQDO %6SOLQH *HRPHWULFDO 5HSUHVHQWDWLRQ IRU
$HURG\QDPLF'HVLJQRI:LQJV´$,$$-RXUQDO9RO1RSS














 6¡QGHUJDDUG -  2SWLPL]DWLRQ XVLQJ VXUURJDWH PRGHOV ± E\ WKH VSDFH PDSSLQJ WHFKQLTXH 3K' 7KHVLV ,QIRUPDWLFV DQG
0DWKHPDWLFDO0RGHOOLQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN/\QJE\




 $OH[DQGURY10/HZLV50$QRYHUYLHZRI ILUVWRUGHUPRGHOPDQDJHPHQW IRUHQJLQHHULQJRSWLPL]DWLRQ2SWLPL]DWLRQDQG
(QJLQHHULQJ
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